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APPARATUS FOR DELIVERING DRY AEROSOLS 
TO THE RESPIRATORY TRACT 

BACKGROUND 

5 This invention relates to the design, 

construction and operation of equipment aimed at generating 
solid aerosols intended for the inhaled delivery of dry 
substances to the respiratory tract* The invention is 
based on electrosuspension - the electrostatic effect 
10 previously reported in the J. of APPl.Phys., 1980 , 51 (10) 
5215-5222 and 5223-5227, and in the J. of Applied Physics 
1984,55 (11) 4088-4094* As reported, the electrosuspension 
effect allows the suspension of dry powders within closed 
or open containers purely through the application of an 
15 intense DC voltage gradient - causing the formation of a 
suspended cloud of dust above, and in dynamic equilibrium 
with, the rest of the static powder bed. 

It was further disclosed that many powders, eg* 
ultrafine or micronised pharmaceutical substances, can not 
20 be dispersed by simply applying an intense electrostatic 
field across the bed, but require a special electrode 
geometry which ensures that the applied intense 
electrostatic field is also combined with air-ionisation in 
order to charge the particles. These, as well as practical 
25 examples were discussed in patents 5,463,524 (US), 

90911890.3-2308 (Europe), which include the possible use of 
electrostatic powder suspension (* electrosuspension ' ) for 
delivering powdered anti-asthmatic agents to the 
respiratory tract. 
30 Currently, devices for delivering medical 

aerosols to the respiratory tract include the following 
broad categories: (1) metered dose inhalers, (2) dry powder 
inhalers and (3) nebulisers. Of these, only (1) and (2) 
deliver dry powders, so that nebulisers, which are based on 
35 the ultrasonic, as well as other atomisation techniques for 
dispersing liquid solutions into droplet form, will be 
disregarded in the context of the present invention. While 
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there are a number of different: equipments for personal 
dry-powder delivery in the treatment of asthmatic 
conditions, most are based on one of two operating 
principles, broadly in line with the above categories: 
5 metered dose inhalers (category 1) use a liquefied solvent 
gas to carry the active drug as well as act as a 
propellent. When a dose is released into the mouth, the 
solvent evaporates thus the substance is delivered as a dry 
powder • 

10 However, metered dose inhalers suffer from a 

number of practical short comings (ref.: * Asthma Inhalation 
Therapy', Med. Sci.Bull. 1996, 19 (3), 1), namely that the 
patient is unable to tell how much medication is left 
inside the pressurised canisters - short of floating them 

15 on water and determining the content on a % sink or float' 

basis. JUst recently, this practice has been criticised by 
Glaxo Wellcome - the makers of one type of such device 
( x Ventolin Inhaler* ) . Another problem with metered dose 
inhalers is that on activating the device, it delivers a 

20 sudden burst of the content, requiring patients to 

coordinate their breathing with the delivery. This is 
especially troublesome for children who must practice their 
breathing for this purpose. Finally, metered dose inhalers 
are often criticised on the basis of being environmentally 

25 harmful, due to the propellent gas which is released to the 
atmosphere • 

The second broad category (dry powder inhalers) 
refers to inhalers based on breath activation, where the 
powder is inhaled by the patient, using the vacuum 

30 generated by the act of inhaling to create the dry powder 
aerosol. While this method overcomes problems of 
coordination and has no environmentally damaging 
byproducts, the experience with these devices (eg.: 
Rotohaler, Diskhaler, Turbohaler, etc.) is that heavy 

35 asthmatics can not generate sufficient suction to obtain 

the full dosage. The same applies to small children - due 
to their reduced lung capacity. In addition, breath 
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activated devices also require a large quantity of neutral 
filler, usually over 95% of lactose, mixed with the active 
substance in order to physically aid the delivery process* 
■The lactose, while chemically neutral, is known to cause 
5 allergic reactions in same individuals* 

The above devices are generally unable to deliver 
more than 15% - 20% of the active substance to the lungs, 
with the rest of the inhaled dust trapped by the mucous 
membranes of the mouth cavity and is thus swallowed. 

10 Electrosuspension powder delivery, the subject of 

the present invention, does not fit into the categories 
enumerated before, as the cloud of particulates is 
generated and propelled by electromechanical forces; 
propellent gases or additives are not used and neither is 

15 breath activation required. However, the apparatus, as 
suggested by the said patents 5,463,524 (USA) and 
0911890*3-2308 (Europe), proved unsuited for the purpose of 
therapeutic use, as there is rapid buildup of electrically 
charged dust on the internal walls of the equipment with 

20 consequent reduction of the emitted dose levels. When dose 
repeatability is measured using the scatter statistics RSD 
(relative standard deviation), one finds that this can be 
as high as 80% or more, while the industry standard 
requires RSD to be generally below 8%. Another requirement 

25 which can not be met with the former device is the 

respirable fraction of the emitted dust, which must be 
above 30% in order to represent any kind of advance over 
present technologies. A further technical difficulty is 
the requirement for high internal electrostatic field, 

3 0 often requiring DC voltages in excess of 12 kV. This 

places serious restrictions on the portability of such a 
device as it has to be connected to a high voltage power 
source. A further problem, experienced with the method 
according to the above cited patents, is the rotor design 

35 which only permits speeds that are generally below 3,000 
rpm, as higher velocity will stress the thin corona-wire 
construction, causing the eventual disintegration of the 
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rotor. A further inherent fault with the equipment is that 
a considerable time-delay exists between switching on the 
device and actually producing the powder suspension, a 
time-lag unacceptable high for inhaled dosage delivery 
which has a typical time span of 2-3 seconds. 

From these aspects, it is clear that the 
electrosuspension device as suggested by the cited 
literature, is tin suited for therapeutic use in its original 
form. 

DISCLOSURE OF THE INVENTION 
The object of the present invention is to provide 
an electromechanical equipment suitable for the therapeutic 
delivery of medically active dry powders to the respiratory 
tract • 

Accordingly, in one aspect, this invention 
consists of an apparatus for dispersing fine powders, by 
the use of electromechanical forces in addition to the 
purely electrostatic forces responsible for the 
electrosuspension effect already described by the 
previously cited patent. The mechanical forces are the 
result of combined action of the rotating high speed 
electrode (rotor) and of a number of spherical beads which 
are co- dispersed with the powder and which acquire 
additional momentum from impact with rotor flaps. 

In a second aspect, the invention provides the 
means to prevent the buildup of charged particles on the 
inner surfaces. This is achieved by co-dispersing the 
powder with the said beads that bounce about during 
operation, effectively cleaning all inner surfaces, 
including the rotor and the underside of the outlet screen 
assembly. 

In a third aspect, the invention provides an 
outlet screen assembly consisting of a double mesh layer 
with the usual, but not exclusive, separation distance in 
the range of 0.1 mm — 1.0 mm. The gap between the two 
screen layers is filled with a fine powder for additional 
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filtering, such as the micronised drug itself, or a 
relatively inert substance such as alumina powder* 

in its fourth aspect, the invention provides 
self-generation of the internal dispersing voltage by 
5 utilising components of the rotor drive to act as a 
miniature Van de Graaff generator. This effectively 
eliminates the need for external power, as internal voltage 
of up to 12 kV can be generated by the rotor drive, which 
is powered by low voltage cells, eg. two AA size 1.5 V 

10 Duracell batteries. 

In its fifth aspect, the invention provides a 
rotor which has the ionising properties of the rotor wires 
as set out in the previously cited patent, while also 
providing mechanical strength which is required for high 

15 speed operation up to 9,000 rpm. This is achieved by a 

special rotor design which employs sharp blades, instead of 
wires, to act as a corona ionisation source, once the rotor 
has been charged to the said high voltage. Also, the new 
rotor design includes silicon rubber flaps (or * starters') 

20 on at least two opposing blades. 

In its sixth aspect, the invention provides the 
means of dispersing the pure active ingredient without the 
need of a neutral filler, such as lactose, as already 
described within the section labelled ^Background" of this 

25 Provisional Application. 

In embodiments of the invention, the spherical 
beads may be replaced by beads of an other shape, without 
altering the essence of this invention. Further, the bead 
numbers and size are arbitrary, but, in practice were found 

30 to be most useful when they were approx. 2-3 mxns in 

diameter and numbered between 50-100. The material of the 
beads used in the existing prototype is silicon rubber, 
however, it is noted that other materials may prove to be 
even more resilient against wear and may be used in the 

35 future still within the ambit of the present patent. 

In other embodiments, the size and shape of the 
rotor may be further modified along the principles earlier 
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outlined, ie. to ensure the ioniaation properties of the 
rotor are preserved while further improving mechanical 
strength* 

in further embodiments, it is possible to alter 
5 the shape of the device in a number of ways without losing 
the essence of the invention. In particular, it is 
possible to construct a device based on split system 
architecture, where the motor drive /generator and battery 
compartment can be retained by the user, while the part 
10 which encloses the dispersing volume and also includes the 
rotor and screen assembly would be de-mount able , allowing 
to be discarded after it has been exhausted of the drug 
within. 

A number of further inclusions relating to the 
15 size and material of the device, as well as to a battery 
voltage stabiliser, electronic timer and inhalation tube 
are also embodied in this invention. 

BRIEF DESCRIPTION OF DRAWING 

20 Referring to Fig.l, a cut-away view is shown of a 

laboratory prototype apparatus for delivering dry aerosols 
to the respiratory tract. It includes a DC electromotor 1 
with a tor<iue of at least 80 g-cm and operated using 2x1.5 
V alkaline batteries size AA housed in a special battery 

25 compartment 9. The motor pulley 1 operates the teflon 

rotor pulley 2 through a silicon rubber belt 3 at speeds 
typically around 9000 rpm. This assembly, consisting of 
motor, teflon pulley and stretched belt, is also an 
electrostatic friction generator, delivering up to 12,000 V 

30 DC to the rotor 5 which consists 4x metal strips welded to 
the shaft of the rotor. The metal strips have a razor- 
sharp outer edge pointing outwards from the shaft and 
include 2x silicon rubber flaps. The powder to be 
delivered is placed on the substrate 7 together with a 

35 number of spherical rubber beads. Immediately on 

activating the system by using switch 10, the powder and 
beads are co-dispersed, forming a swirling cloud of mass 
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within the housing of the apparatus. While the beads are 
restrained from exiting the 10 system by the outlet screen 
assembly 6, the powder is free to do so. The screen 
assembly consists of a double layer of nylon mesh, 
5 typically a 75 micron lower mesh and 10 micron for the 
upper layer, the two being separated by a distance of 
between 0.1 to 1 mm, with a filtering substance between, as 
explained in the text. 

10 PRACTICAL EXAMPLES 

(i) using 0.05 g of pure micronised salbutamol 
powder placed inside the apparatus of Fig-1, laboratory 
experiments were performed in order to assess the 
performance of the device* The laboratory conditions were 

15 as follows: 50 ± 5% relative humidity at 21-22 °C. On the 
basis of approximately 1000 individual experiments, it was 
concluded that the output was highly respirable and there 
is strong probability that over 85* of the salbutamol base 
would enter the lower pulmonary system. The amount of 

20 delivered dose was very consistent, as expressed by the 
relative standard deviation (RSD) statistic, being most 
often below 8.0%. The delivered dosage level was set to 
about 40|ig over 2-second runs. For reaching these 
conclusions, the emission was analysed by capturing the 2- 

25 second output of the device by a standard Twin Xmpinger 
apparatus (USP 23/2) which separates the dust into 
respirable and non- respirable fractions. Subsequently, 
these were accurately determined by HPItC analysis, using 
the standard USP/CSIRO method for determining salbutamol 

30 sulphate (generic name: albuterol sulfate) base. 

<ii) Two other asthmatic drugs - these can not 
be specified for confidential reasons - were also analysed 
with comparable results. 
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